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♦ ABSTRACT 



This paper presents algorithms for inserting monitoring code to profile and trace programs. These 
algorithms greatly reduce the cost of measuring programs. Profiling counts the number of times each 
basic block in a program executes and has a variety of applications. Instruction traces are the basis 
for trace-driven simulation and analysis, and are also used in trace-driven debugging. The profiling 
algorithm chooses a placement of counters that is optimized— and frequently optimal— with respect to 
the expected or measured execution frequency of each basic block and branch in the program. The 
tracing algorithm instruments a program to obtain a subsequence of the basic block trace— whose 
length is optimized with respect to the program's execution— from which the entire trace can be 
efficiently regenerated. Both algorithms have been implemented and produce a substantial 
improvement over previous approaches. The profiling algorithm reduces the number of counters by a 
factor of two and the number of counter increments by up to a factor of four. The tracing algorithm 
reduces the file size and overhead of an already highly optimized tracing system by 20-40%. 
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ferencing of memory references to expose patterns in 
program execution that are not immediately available 
in the raw trace. Using a compaction scheme that 
looks for and encodes long common sub-sequences of 
bytes results in compressed trace files less than 10% 
of original size for full traces, and on the order of 
0.5% the size of the original trace for instruction-only 
traces. 
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